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The NASA STI Program Office . . . in Profile
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the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key part
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Langley Research Center, the Lead Center for
NASA's scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
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e TECHNICAL PUBLICATION. Reports of
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phase of research that present the results of
NASA programs and include extensive data
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length and extent of graphic presentations.
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reports, working papers, and bibliographies
that contain minimal annotation. Does not
contain extensive analysis.

e CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

¢ CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other

meetings sponsored or cosponsored by
NASA.
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NASA programs, projects, and missions,
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language translations of foreign scientific
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Program Office’s diverse offerings include
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data bases, organizing and publishing research
results . . . even providing videos.
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Section 1: Getting Started with the HOT-SMAC Interface
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Getting Started with the HOT-SMAC Interface.

Setup Tab

1. Go to Start|Programs|HOT-SMAC to start the HOT-SMAC interface.

2. On the Setup tab, choose a grading scheme, either graded in one dimension or
graded in two dimensions.

3. Choose a constitutive model. For this example, choose Elastic-Plastic (the
default) as the constitutive model. Therefore, only elastic or elastic-plastic
materials can be chosen for this analysis.

4. Notice in the Materials frame that there are currently zero phases (or materials)

available. To set up materials, press the “Select/Define Materials” button.
a. When this button is pressed, a default material called “New Material” is

created and shown in the HOT-SMAC Material Editor form. Change the
name of this material to “Elastic-Plastic Material” and press the <Enter>
key. Press the “Apply Change” (A) button to save this change.

b. To create a second material, press the “Copy Material” button (B) and

E hdaterial kodel IE\ashc—PIaStlc vI

_1-smac Mate 4B or x|
e Hep
Apply Change | Copy Material | Delete Material | Prewv Material Mext hMaterial
Material Mame |E\astiD-PIastic Material

— Temperature Independent Properies — Temperature Dependent Properties

Mechanical Properties Apply Change

“rield Stress

Mechanical Properties

E (zvial) |euunu

E (ranswerse) Iagggg

G I - Delet
31740 Creep Coefficient IND Data. =ee

Creep Exponent IW
Creep Activation INo Data

Energy

Copy
Flastic Modulus

22980

Ul

Poissons (axial) |0 25

Poissons (trans o 25

Thermal Properties

IEI.EIEIEIEIEIEIS
alpha (transverse) Iu_uuuuugs

Thermal Properties
I (mxial) |1 2
K. (transwerse) |1 2

alpha (mxial)

Axis of Symmetry 1 23
(Avial Diraction) T

name the new material “Elastic”. Change this material to an elastic-only
material by selecting “Elastic” from the Material Model dropdown (C) and
then press the “Apply Change” button. Notice that all properties except
the elastic properties are disabled for this material.

Switch back to Elastic-Plastic Material by pressing the “Prev Material”
button (D).

You can make this material temperature dependent by “copying” the
current temperature dependent material properties and then changing the
copied properties. To copy the material property, press the “Copy” button
(E) in the Temperature Dependent Properties frame and then type 650 for
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the new temperature. For the yield stress at 650 degrees, type 269.5 and
for the Plastic Modulus, type 670. Press the “Apply Change” button (F) to
apply these temperature dependent changes.

At this point, the materials only exist in the computers memory. You can export
these materials to an ASCII file by selecting Export Materials from the File
dropdown menu (G) and select a file name to export the materials to. To import
these materials into a new HOT-SMAC model, select “Import Materials” from
this same menu.

e. Close the material editor form.

Geometry Tab
5. Click on the Geometry tab to change the HOT-SMAC problem geometry.
2% HOT-SMAC (o]
File Options Help
Proklem Tille [Sarmple Problem Title Analyze
Setup Geometry T Materials T Thermal BC T Mechanical B.C. T Analysis Options T Fiesults
—Leyers
Total Depth (<1) 1o

Subcellzin1 direction [2 é’

(ewven integer)

Linear Gracle i1 direction =

—PRo

Total Height (<2} 1.0

Subcells in 2 direction Im j’
(ewven integer)

Linear Gracle in »2 direction I3
Grading Factor 5

— Column:

Total Length (3) 1.0

Subcells in 3 direction [1p 2
m (ewven integer) ZI

Linear Grade in 3 direction r
x2 Selected Row(s)
‘ - - Enter Row Heights i Depths

Update Selected Column(s) N
X3 I j Enter Column Lengths | r

6. You can change the number of subcells in the 2 and 3 direction by adjusting the
numbers at A. If you want to grade the spacing in a particular direction, check the
“Linear Grade” checkbox (B) and enter a grading factor. The grading factor is the
ratio of the last cell spacing to the first. If you enter a negative number, then the
number is the ratio of the first cell spacing to the last. Enter 5 for the Factor as
shown above and press the Update button (C). The figure should appear as shown
here.

You can also select cells or ranges of cells

on the figure to apply changes manually by
placing the mouse cursor over the figure and

dragging a bounding box. All cells within

the bounding box will be selected and turn

gray. At this point any changes made to the
height, width or linear grading will be

applied only to the selected cells. You can
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also make changes to individual row heights and column widths by pressing the
“Enter Row Heights” and “Enter Column Widths” buttons (D).

Materials Tab

7. The next step is to assign materials to the cells of the HOT-SMAC model. Click
the Materials tab.

[ Setup T Geometry T Materials T Thermal B.C. T Mechanical B.C. T Analysis Options T Results

Material Assignment Options

& User- Defined
= Automatic Grading

tiaterial

Elastic Material
Window 1

2 Selected Raw(s) Drag a bounding box to select a Layer#
1-10 vI range of cells or select multiple |1 vI
=1 cells by holding <Ctrl>.
Selected Columnig)
Wiew Model to r
%3 [0 =l Scale

You can assign materials for a cell, a range of cells, or you can let the
software automatically grade the material over a range from one

Autormatic Grading Options

Type of Grade
material to another. IUynFilfDrm =]
8. Select all of the cells in the model by dragging a bounding Diredion

box through all cells and releasing the mouse button. From the
“Material” dropdown list (A), select the Elastic-Plastic
Material. Press the “Apply Material” button. Now all of the
cells in the model have been assigned the Elastic-Plastic
Material.

9. To automatically grade the cells from top to the bottom, check
the “Automatic Grading” radio button (A). A second frame

c &2 3

First Material
IChoose Material... LI

Second Material
IChuuse Material... LI

Apply Grading |

called “Automatic Grading Options” will appear. Change the
type of grading (B) to “Linear”. For the
First Material (C), choose “Elastic-Plastic
Material” and for the Second Material (D),
choose “Elastic Material.” Now select all
of the cells in the model again (by drawing
a bounding box) and press the “Apply
Grading” button (E). The grading has a
certain amount of randomness to it, but it
should look similar to the figure shown
here.

NASA/CR—2001-211294 5



Thermal Boundary Conditions Tab

10. The next step is to apply the thermal boundary conditions to the model. Click the

Thermal BC tab.
| Setup T Geometry T Materials T Thermal B.C. T hechanical B.C T Analysis Options T Results
Apply Boundary Conditions ta: W Hegpeide
RS O e =T
IEntlre Giidl j 0
I
[a]
" L |
Thermal Boundarny Condition ]
Type ]
ITemperature j 1]
1]
Temperature + 1]
[0 o
+ :
0
| " 0 y
™ Linear BC Distribution * I
o]
. |
* 0
I
* 0
C |
0] 0
I
g lglgleotleglslolo—m 0
I
bt Layer# O
1 -
‘ =1

‘ Apply Boundary Condition |
®3

This tab shows the boundary cells of the model with each thermal boundary condition
shown as a symbol on the edge of the boundary cell. The default boundary condition for
each cell is a uniform temperature (shown with the square symbol) of 0 degrees. You
can apply a flux boundary or a convective boundary by selecting cells and changing the
“Type” and “amplitude” of the boundary conditions at A and B. Keep in mind that at
least one cell must be a non-heat flux boundary in order to prevent singularities. For this
example, we will change the side boundary cells to zero heat flux, the temperature along

the top to 600 and the temperature along the bottom to 0.

11. Select the cells along the top boundary by dragging a bounding box around those
cells. Change the Thermal Boundary Condition type (A) to “Temperature” and
enter 600 for the Amplitude (B). Press the Apply Boundary Condition button (C).

12. Select the cells along the
right boundary, change the
type to “Flux”, and set the
Amplitude to 0. Press the
Apply Boundary Condition
button. Repeat for the left
boundary cells.

You can also apply a boundary
condition with a linear grade from
one end to the other by checking the
“Linear BC Distribution” checkbox.
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Mechanical Boundary Conditions Tab

13. The next step is to apply the mechanical boundary condition. Click the
Mechanical BC tab.

Setup T Geometry T Materials T Thermal B.C. T MgchanicalE,C,T Analysis Options T Results

Apply Boundany Conditions to:
|Ent\re Grid j

Boundary Type

E

—Boundary Candition in 2 Direction —

Type

[Traction -
Amplitude

0

—Boundary Caondition in 3 Direction —

Type

Evvvvv%%%ﬁ

|Trar:tmn j

Amplitude

: A sb

%o Uniform Stress or Strain in 1 Direction ™ %3 Generalized Plane Strain Layer #
. & 11 walue Specifying Generalized Plane Strain - |1 -
Syl BEuneERy Came li inthe 3 direction will nullity specified
Rl Souncary onciion coll 0 boundary conditions in the 3 direction
®3

The default mechanical boundary condition is a fixed (zero displacement) boundary on
all cells. You can modify the boundary conditions for each cell or a range of cells just as
with the thermal boundary conditions. There are three preset boundary condition types
available for mechanical boundaries. Free (zero traction in each direction), roller (zero
normal displacement), and pinned (zero displacement in both directions). You can also
choose a “Custom” boundary condition with any combination of surface traction or
displacement in the two directions.

If the mechanical boundary conditions are changed, they must be set to ensure that there

is no rigid body motion to prevent singularities. For this example, leave the boundary
conditions as their default value of fixed on all boundaries.
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Analysis Options Tab

14. At this point, the physical problem is fully defined. Before submitting the HOT-
SMAC analysis, we must set up the parameters of the run. To do this, click the
Analysis Options tab.

Setup T Geometry T aterials T Thermal B.C. T Mechanical B.C T Analysis Options I Results

—Load Histary Options — Time Dependent Plot Optians — — Contour/Fringe Options
Step Nurmber Load % Time Step Echa Interval | 1
1530 1230 } Time dependent plots Contour / Fringe Flots
Fow =1, Column = 5 TimeStep =1
Row = 10, Column = 5 TimeStep =10
TimeStep =100
Add Time/Step | m Add Time Dep. Plot | Add Contour Plot |
—Mendelson kerations ——— ~Global Constants —————————————— —% Plotling Opfions
Max. terations 10 Fieference Temperature | 0.0 Fow (constant%2) plots
5-Center
Convergence 0.001
Step number far <~ Plot Column {constant =3) plats
TimeStep =1 5- Centar
TimeStep =100

m Add XY Plot Time | Add XY Flat |

The Analysis Options tab is used to specify the number of analysis integration steps, the
Mendelson iterations for elastic-plastic analysis, the options for plotting results, and some
global parameters such as global reference temperature.

Load %
For elastic-plastic problems, the load step is varied
linearly from O to a percentage of the full load as
shown in the Load History frame. The number of
load steps and % of load at each step are dictated 00 o
by pressing the Add Time/Step button at A. For

example, in the case shown here, the load will be o |
applied from 0 to 25% of full load from load step 0

to 50, and from 25-100% of full load from load w |
step 50 to 100. For time-dependent problems (e.g. i 5
creep problems), the time step is also dictated in A w00 s wm oo,
this frame.

X-Y column and row plots are generated at the Time/Load steps entered in the “Step
Number for X-Y plot” window.

15. Click the”Add X-Y Plot Time” button at A and enter 100 so that the software will

generate X-Y plots at load step 100. Press the “Add X-Y Plot” button (B) on the
Analysis Options tab. A new form will appear labeled “Select XY Plot...”
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On this form, you can specify to plot either row plots or
column plots on the HOT-SMAC model. The dropdown

~ Plot Direction
list at C is used to select the row or column on which to |7rr Row (Constant ¥2) Plot
plot and the radio button at D is used to dictate whether
to plot the top, bottom or center for row plots, or the
right, left or center for column plots. © Bottom & Center ¢ Top

16. Select Row 5 from the dropdown combo and I o
then press the “Add Plot” button. The created Add Plot Close |
plot will appear in the “Row (constant X2)
Plots” list box (A) on the Analysis Options tab. Press the “Add X-Y Plot” button
again; click the “Column” radio button (B), and select column 5 from the
dropdown list to add a plot for the center of column 5.

 Column {Constant%3) Flot

17. The final step is to specify the integration steps at which to plot contours. Press
the “Add Contour Plot” button at A. In the “Select Time Step...” dialog that
appears, enter 10 and press OK. Repeat this procedure to add step 100.

We are now ready to submit the HOT-SMAC analysis. Press the “Analyze” button in the
upper right hand corner of the Main HOT-SMAC form. The HOT-SMAC analysis will
begin and a “Cancel” button will appear over the main HOT-SMAC window. To stop the
analysis, press the Cancel button. The HOT-SMAC interface will be locked out until the
analysis is complete.

After the analysis is complete, if there was a problem running the HOT-SMAC analysis,
a message box will give you the choice of reviewing the ASCII output file. If the
analysis was successful, there will be no message. If there were no problems with this
analysis, we can now view the analysis results graphically on the “Results” tab.
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Results Tab

18. Click the Results tab. When this tab is first clicked, no results are selected

therefore it is blank.

19. Select a quantity to plot by selecting the quantity “Temperature” in the list box at
A. Next, select the step at which you want to plot results (B). You can plot
contours at Step 10 or Step 100 according to the choices that were selected on the

Analysis Options tab.

Setup T Geometny T Materials Thermal B.C T Analysis Options T Results
Time Dependent Plots Temperature
Fow =1, Column =5 o0, 16801
Fow =10, Calurin =5
84.65541
79.14281
Column (Constant X3) Plots
Inc=1; Col=5; Center 3. 6302
Inc=100; Col=5; Certer 68.1176
62.605
Row [Constant X2} Plots 57.0924
I
Inc=1: Row=5; Canter 51.5798
Inc=100; Row=5; Center I
46.0672
. 40.5546
Fringe/Contour Plots
TimeStep 1 %
Tirmne Stey 10 20.5294
. |
24.01638
I
Flotthe following 18.50432
(Hold <Ctrl> for multiple selections) ——
12.9916
L
Sigmal 7.479
I
Sigma? w2 1.9664
Sigma3l =l
1
Import Results Export Flot View Model to r
®3 Scale

You can also display row and column plots by selecting a quantity at A and selecting a
row or column plot at C.

20. Plot the temperature along the i Tempesair (nc=100; ol=S; Ceter) ]
centerline column by selecting el
“Inc=100; Col=5, Center” 10 - ol

: : . io rel
You can display multiple quantities on a ' o o Tamperanre
single plot by pressing the <Ctrl> key e S
while selecting quantities to plot. ‘ﬁp@a '
1210 Mj# ?
ﬁs 02000 Q. 401\ QLE000 08000 1 Cl'.‘l;
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21. Plot the centerline stresses in the 1, 2 and 3 directions simultaneously by first
selecting Sigmal and then while holding the <Ctrl> key, select Sigma2 and
Sigma3. The resulting plot should look something like this:

Sigmad Sigma3 (nc=100; Col=5; Centér)

BT = T . T

-276.2

-413.7

E51.3

-CE8.8

826.3
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Changing the Model

After running the analysis, you can change the model and re-submit the analysis. We are
now going to add a “window” or “hole” into the model and re-run the analysis.

Setup T Geometry T Materials T Thermal B.C T techanical B.C T Analysis Options T Results

- Material Assignment Options Materials

Elastic Material

 User - Defined
i Automatic Grading

Material
Elastic Material

Apply Matetial

—Autormatic Grading Options

Elastic-Plastic

Type of Grade
Linear -
Direction
] &2 3
First Matarial Drag a bounding box to select a range of cells or select multiple cells by holding <Ctrl>.
Elastic-Plastic Material |+
Second hMaterial
Elastic Material -
=2 Selected Fow(s) Drag a bounding box to selecta Layer #
IE-B -I range of cells or select multiple 1 vI
Apply Grading 1 cells by holding <Ctrl>.
Selected Colurmn(s) X
Wiew Model to r
x3 |58 = Scale

22. Go back to the
Materials tab and
select a range of cells
by dragging a bounding
box (A). From the
Material dropdown (B),
select “Window 1.
Press the Apply
Material button (C). A
Window in the model
should appear.

Each window that you define
in the model has its own
boundary condition
assignments. These are specified on the Thermal BC and the Mechanical BC tabs.

23. Go to the Thermal BC tab. From the dropdown labeled, “Apply Boundary
Conditions to:”, select Window 1. The boundary cells of the Window defined in
step 22 should be displayed. You can assign boundary conditions to these cells
just as in steps 11 and 12. Change the boundary conditions on these cells to 0 flux
boundaries.

24. Press the “Analyze” button and when the analysis completes, go back to the
Results tab to view the results.
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Setup T Geormetry

Materials T Thermal B.C. T kechanical B.C T Analysis Options T

Time Dependent Plots

Fow =1, Colurmn =5
Fow =10, Column = 5

Colurmn {Constant 3) Plats

Inc=1; Col=5; Center
Inc=100; Col=b; Center

Row (Constant X2) Plots

Inc=1: Row=5: Center
Inc=100; Row=5; Center

Fringe/Contour Flots
Time Step 1
Time Stel 10

Plotthe fallowing:
(Hold €Ctel> for multiple selections)

[~

Import Results

Export Plat

x2

Wiew Model to
x3 Scale

Results

Temperature
553.1599
510.0775
484.9951
450.9127
416.8303
38z.7479
348.6655
314.5831

250.5007
246.4183
£12.3350

178.2535

144.1711
110.088°7

76.00631
41.8239

7.8415

-
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Section 2: Detailed Example Tutorial

Thermo-Elastic Analysis of an Internally Cooled
Structure
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Detailed Example Tutorial

The following example duplicates an example presented in NASA/TM 2001-210702,
“Thermo-Elastic Analysis of Internally Cooled Structures Using a Higher Order Theory”,
in which a thermal barrier coated actively cooled panel is subjected to an intense flame
heating boundary condition. First, the example will be worked step by step, and finally,
the results of this analysis compared with the 2001 NASA/TM will be presented.

Problem Description

Tinf = Linear Profile

Tinf = 3600 F he o oaba

h=3.0E-4 Tinf=3600 F Free Mech.
Free Mech. / (5 Holes)

T T

Tinf = 1292 Fi
a=o h=387E5 Tinf=1292 F

Free Mech. = -
Symmetry (5 Holes) h = 2.04E-6

Fixed at Corner Cell A N\
Tinf=122F

h =2.04E-6
Free Mech.

Free Mech.

Table 1: Material Properties

Material E(psi) v a(10%°F) K (Btu/in:s-°F)
Substrate: Silicon Nitride ~ 4.35x107  0.22 1.83 4.01x10™
Bondcoat: Mullite 2.1x107  0.20 2.94 7.84x107
Topcoat: Porous Zirconia 3.63x10>  0.25 6.25 2.68x10°

Table 2: Dimensions

Dimension Value (in.)
Total length 0.5
Total height 0.135
Hole length 0.07
Hole height 0.07
Distance between holes 0.025
Bondcoat thickness 0.005
Topcoat thickness 0.005

NASA/CR—2001-211294 17



Problem Setup

1. Start HOT-SMAC. The first tab that appears on the main HOT-SMAC window is the
Setup tab. Because the materials in this problem will be treated as linear elastic,
select “Elastic” from the Constitutive Laws drop-down (A). Next, press the
“Select/Define Materials” button (B) to bring up the Material Editor form.

2 HOT-SMAC [ =101

File ©Optons Help

Prablem Title [Sample Problem Title Fiun FGh

Setup I Geometry T haterials T Thermal B.C T kechanical B.C. T Analysis Options T Fesults
e X
" One Direction A 2

& Twao Directions
© Three Directions

mf Constitutive L

— Architecture
@ Continuous Fiber
) Discrete Paricle

i Materials
et 4
" Temperature Independent fﬁ] o 2
h
& Temperature Dependent 1
1 ’dz /

|0

[
Murmber of Fhases X l "1
(Materials) 3 v |7 1 |2 v .
Select/Define Materials ‘
EEETEE L . X3

Material Properties

2. On the Material Editor Form, change the Material Model (A) to “Elastic” and enter
the material properties as outlined in Table 1. The Silicon Nitride substrate material
properties are shown here. After entering material properties, be sure to press the
“Apply Change” button (B) to save the current material. To enter the next material,

%. HotFGM Material Editor . x|
File  Help
pply Chﬁge Copy Material m Prewv Material et Material
taterial Name |Sub8trate
— Temperature Independent Froperties————  — Temperature Dependent Froperies
Mechanical Properties Mechanical Properties Agply Changs |
E (ewial) [435E+07 Tield Stress 715 |
Copy
E itransverse) |4_35E+g? Plastic Modulus Igzgau
G Delete
|1E+D? Creep Coefficient IND Data 4|
Foissons (axial) Ig_21 Creep Exponant IND Diata
Poissons (trans.)lu_21 Creep Activation IND Data
Energy
Thermal Properties Thermal Properties
K (axial) |n 000401 alpha (=xial) |1_33|5-05
K (transverse) |D.DDD4D1 alpha (transverse) |1.83E—DB
Matetial Madel IEIastic jﬁ
Axis of Symmetry 1 2z 3
(Axial Direction) 0 |
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press the “Copy Material” button (C) and enter the name of the new material. Then
enter the new material properties and press the “Apply Change” button. To navigate
through the materials, use the “Prev Material” and “Next Material” buttons.

3. To save the materials for future use, you can export them to

. HotFGM Material Editor

an ASCII file. Select “Export Materials” from the File "He Hep

menu, and type a filename for the exported materials. All Import Materias | taterial
materials in the current HOT-SMAC model will be Export Materials l:
exported. The exported materials file will have the '

extension “fmat”. In another HOT-SMAC problem, you
can import this ASCII file by selecting “Import Materials” from the same menu.
Close the Material Editor Form

Geometry

4. On the HOT-SMAC main window, select the Geometry tab. Begin by setting the
overall dimensions and the number of cells. For the Height (A), enter 0.135 inches
and 8 subcells and for the Length (B), enter 0.5 inches and 22 subcells. When
complete, press the “Update” button (C). By default, the model is drawn to maximize
the size of the graphics window. To view the model to scale, check the “View Model
to Scale” checkbox (D).

Rows

Total Height (<2) |[| 135

Subcellsin 2 direction Ig 2

[enven integer] j

Linear Grade in %2 direction r
Colurng

m Total Length (<3) |[| [

Subcells in 3 direction Igg i’

[enven integer]

Linear Grade in =3 direction r

w2 Selected Row(s)
- m Enter Fiow Heights | Enter Layer Depths |

‘ X1

4c - |
k 3 I j Enter Column Lengths Scale =

5. There are several ways of manipulating the cell sizes. You % Enter /Change X2 x|

can enter the individual row heights and column widths by |

pressing the “Enter Row Heights” (A) and “Enter Column 12 gggg
Widths” (V) buttons, respectively. Enter the heights for 3 0.035
each row, by pressing the “Enter Row Heights” button (A). : 0%
As you enter each height value, press the <Tab> key to 5 0.01375
enter this value and move to the next value, or press the ; gggg

<Enter> key. As you enter each value, the total height of
the grid will be displayed in the “Total Height” textbox.
After E

Total Height

Update 0135

entering all
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of the cell heights, press the “Update” button (C). The grid should now appear as

shown.

6. You can also manipulate the cell sizes by selecting cells and then changing the

dimension of the selected cells as a group. Try this by selecting the first two columns
of cells (A) by left clicking on the grid and dragging a bounding box around the cells.
Any cells that are included in the bounding box will be selected. To de-select cells,

press the right mouse button. Alternatively, cells can be selected by holding the
<Ctrl> key and left clicking on individual cells. Notice that when these cells are

selected, the total height and length of the selected cells (i.e. the sum of the individual

row heights and column lengths) are displayed in the Height and Length textboxes.

You can change this height and/or length by entering a new value for the dimension
in the corresponding textbox. Change the total length (B) of the first two columns to

0.025 inches. The mesh will be updated and the first two columns will each have

—Rows

Total Height (<2)

(ewen integer,
Linear Grade in X2 direction

|D.DE?5
Subcells in 2 direction | =
grecten | 3

r

Colurns
E Total Length (<3) @
Subcells in 3 direction |»

(ewven integer)

Linear Grade in %3 direction

By

"2

‘ K1

Selected Row(s)

|1-2 vl

Selected Column(s)

Enter Row Heights |

Enter Layer Depths

x3

12

=]

Enter Column Lengths

Wiew Model to
Scale

lengths of 0.0125 inches so that the total length of the first two columns is 0.025

inches.

Repeat this procedure for the second two columns for a length of 0.07 inches and
alternate 0.025 inches and 0.07 inches down the length of the grid.

NASA/CR—2001-211294
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Material / Window Assignment

7. On the HOT-SMAC main window, select the Materials tab. Drag a bounding
box around all but the top two rows of the grid, select “Substrate” from the Materials
dropdown (A) and then press the “Apply Material” button (B). Select the next row,
and apply the “BondCoat” material, and select the top row and apply the “Top Coat”

material. It might help when entering the materials to turn off the “View Model to
Scale” checkbox.

Material Assignment Options

& User- Defined
 Automatic Grading

Material
ISubstrate j

‘ Apply Material h |

8. Windows (or holes) in the grid are also entered on the Materials tab. To enter the
first window, select the cells shown (A) below [(3,3) to (4,4)], select “Window 1”
from theMaterial dropdown (B), and press “Apply Material” (C).

Material Assignment Options
& User- Defined

= Automatic Grading
taterial
"."I"."Ii fn d (=3 1

Apply Material %
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—Material Assignment Options

& ser - Defined
 Automatic Grading

Material

/o

| Apply Material i |

Each window is treated as a separate entity and must begin on an odd row/column and
begin on an even row/column. If cells are selected that do not meet this criteria, the GUI
will notify you and attempt to adjust the window size to meet this criteria. Next, enter the
second window by selecting cells (7,3) to (8,4) (D). Select “Window 2” from the
Material dropdown (E) and press “Apply Material”.

Repeat this procedure for windows 3, 4 and 5.

Materials

TopCoat

BondCoat

Substrate

Windows can be removed from the grid by selecting “Remove Windows in Grid” from
the Options menu of the HOT-SMAC main window. Note that if windows are removed
from the grid, then materials must be re-assigned to the cells that were a part of that
window.
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Thermal Boundary Conditions

By default, all boundaries (for the entire grid and for each window) are assigned a
uniform temperature of 0 degrees. In the following steps, we will assign the convective
heating and cooling boundary conditions to the model.

9. On the HOT-SMAC main window, select the “Thermal B.C.” tab. When this tab
is selected, the boundary conditions for the entire grid (as opposed to the windows)
are displayed. Draw a bounding box to select the boundary cells corresponding to the
flame (cells 1-6 along the top) (A). The boundaries of these cells will become

Apphy Boundary Conditions to
IEnt\re Grid j

Thermal Boundary Condition

Type

9B JEmam—

Convective Temperature L] B

9C JExm

Convective Coefficient

9D J=E—

I Linear BC Distribution

Layer #

]
L—.—
=2
1 -
1
Apply Boundary Condition

highlighted. Selected “Convection” from the “Type” dropdown menu (B) and enter
3600 F and 3.0E-4 as the convection temperature and coefficient respectively (C, D).
Finally, press the Apply Boundary Condition button.

10. Next, enter the convective boundary away from the flame. In this case, the
boundary condition linearly varies from the flame to the right end of the model.
Select the remaining boundary cells and then check the “Linear BC Distribution”

Apply Boundary Conditions to

eV
Entire Grid A 3600
I ntire Gri J I —
—
— Thermal Boundary Candition + 3150
Type i ﬁ 22t
Convection - 2700
2478
End A Convective Temperature (0] H 2250
3600 Z02¢8
End A Convective Coefficient 1] [T 1] 1 11 1] 1800
2. 04E-6 1578
L L 1350
[ Linear BC Distribution —
1125
End B Convective Temperature gﬁ
1292 * —_—
675
End B Convection Coefficient ==
2 04E5] * A
- 225
|
B %2 Layer# O
i =
X1
Apply Boundary Condition A
A B X3

checkbox (A). A second set of convective temperature and coefficient textboxes will
appear. Enter the values shown and press the “Apply Boundary Condition” button.
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11. The entire right side and bottom boundary conditions will be assigned a
convective temperature of 1292 F and coefficient of 2.04E-6. The left side boundary
condition is a symmetry boundary and should be assigned a flux boundary condition
of 0 (insulated). Assign these boundary conditions now by selecting the appropriate
boundary cells, selecting the Type, typing the numerical values and pressing the

“Apply Boundary Condition” button.

f-w-m—u%ao:ma;—

BC Magnitude
3600
3375
3150
2925
2700
2475
2250
2025
1800
15375
1330
1125

in]
o
=

675
430
225

Lawverd# O

12.  Next, apply thermal boundary conditions to the first window in the grid. Select
“Window 1” from the “Apply Boundary Conditions To:” dropdown list (A). The

boundary cells for Window 1 are highlighted.
Select all of the boundary cells for Window 1.

When you select the cells, the following
message box will pop up:

HOT-SMAC

X

& An equal number of cells in the 2 {vertical) and 3 (horizontal)

directions were chosen. Do yol want o apply boundary
conditions in the 2 (vertical) direction?

Yes o] |

Because boundary conditions for some cells

Apply Boundary Conditions to:

IWindDw‘I

— Thermal Boundary Condition

Type

ICDnvecﬁDn

Convective Temperature

=l

{1292

Convectve Coefficient

|3.8?E—5

I~ Linear BC Distribution

1PN

(such as the corner cells) are entered for both the top/bottom and left/right surfaces, when
boundary cells are selected, the HOT-SMAC GUI attempts to determine whether you
intend to apply boundary conditions in the vertical or horizontal directions. If it cannot
determine which to apply, it will ask you. Press the Yes button to apply the vertical
boundary conditions. Type in the appropriate boundary condition values (T=1292 F,

NASA/CR—2001-211294
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h=3.87E-5) and press the “Apply Boundary Condition” button. Select the boundary cells
again, and this time, press No when the message box pops up to indicate that you are
applying boundary conditions to the horizontal boundaries. Repeat this procedure for the
remaining four windows.

Mechanical Boundary Conditions

Mechanical boundary conditions are entered in a very similar way to thermal boundary
conditions. In the following steps we will assign mechanical boundary conditions to the
model. Just as with the thermal boundary conditions, we start by applying boundary
conditions to the entire grid and then apply them to each window.

13. From the HOT-SMAC main window, select the Mechanical B.C. tab. The default
boundary condition for all boundaries is “pinned” or zero displacement in both the 2
and 3 directions. Select the boundary cells along the top, select “Free” from the
“Boundary Type” dropdown, and press the “Apply Boundary Condition” button.
Repeat this procedure to apply free boundary conditions along the right side boundary
and then for the bottom boundary.

Apply Boundary Conditions to:
= AT\ 0 A A LA A A
IEnt|re Gridl j |

Boundary Type [#
| 13A A s

—Boundary Condition in 2 Direction—

e

Type b 1
ITral:tiDn j
Amplitude - - 1 - | -
[0

—Boundary Condition in 3 Direction—

Type

ITral:tiDn j [:|> <|:,]
Amplitude [:E ﬁ
B e N e N S NN N L NN S
w0 Uniform Stress or Strain in 1 Direction W el Elene St Layer &
g1l walue Specifying Generalized Plane Strain |1 'I
m Apply Boundary Condition g oz | e =
houndary conditions in the 3 direction

14. For the left boundary, select all of the boundary cells, select “Roller” from the
“Boundary Type” dropdown, and press “Apply Boundary Condition”.

15.  In order to prevent singularities, the boundary conditions must prevent any rigid
body motion. This is accomplished by “pinning” the lower-left corner cell. Select
this cell, answering “Yes” when the dialog pops up to indicate that this boundary
condition will be applied in the 2 (vertical direction). Select “Pinned” from the
Boundary Type dropdown, and press “Apply Boundary Condition”.
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The boundary conditions for the entire grid should appear as shown below.

|
A

16.  Select the boundary cells for each window (using the “Apply Boundary
Conditions To:” dropdown) and make each boundary for each window “free”.

Liniform Stress ar Strain in 1 Direction

g1l walue
r&on |0

NASA/CR—2001-211294

17.

Finally, specify that the out-of-plane (1
direction) boundary condition is that of zero
stress by clicking the radio button at A. Note
that this indicates that the average stress for the
cross section is zero, not the stress for each cell.
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Analysis Options

Because this is a linear, elastic, non-time dependent problem, the entries on the left side
of the Analysis Options tab are not applicable to this problem. For linear elastic
problems, only one load step is performed, and the Mendelson iterations are not
applicable. Therefore we need only specify plotting options on the right hand side.

— Load History Options

—Time Dependent Plot Options

Step Number Load % Time Step Echo Intarval | 25
50 100 1

Cantour/Fringe Options

Time dependent plots Contour / Fringe Plots

TimeStep =1

Add Time/Step | Add Time Dep. Plot Add Contour Plot |

—hiendelsan terations —— Global Constants —==¢ Plotting Options
hax. lterations | 10 Fefarence Temperature | 10 Fow (constant X2) plots
6-Top
Convergence | 0.001 Convective Coeflicient | 10 8-Top
Step number for 5 Flot Column (constant =3) plots
TimeStep =1

m AddX—YPIDtTlI!l:! Add %= Flat |

Because this is not a time dependent problem, there is no need to add a time dependent
plot under the Time Dependent Plot Options.

18.  Add a contour plot by pressing the “Add Contour Plot” button (A). In the
resulting dialog, type “1” to indicate that a contour plot should be generated on the
first (and in this case, only) load increment. Press the OK button.

19.  Add an XY Plot Time point by pressing the “Add X-Y _
Plot Time” button (A). In the resulting dialog, type “1” to i':t"' x|
indicate that row and column plots should be generated on | " F——
the first (and in this case, only) load increment. Press the ¢ Column (Constant3) Plot
“Add X-Y Plot” button (B) to add rows and/or columns to
plot. In the resulting dialog, add a row plot for the top  Botom ¢ Center & fop
surface of the grid, which is row 8 along the top of the E r
cell. Press the “Add Plot” button to add this plot. Press
the Add X-Y Plot button again to add another row plot sk S Close |
along the interface between the substrate and the
Row (constant X2) plots bondcoat, which is row 6 along the top. You can delete any row
o-Top or column plot (or X-Y Plot Time or Contour Plot Time).
W Simply highlight the plot on the Analysis Options tab, and press

the <Delete> key.
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Running The Analysis

20.

SMAC analysis and import the results into the GUI.

21.

Now that the problem is set up, press the “Analyze” button to run the HOT-

On the HOT-SMAC main window, press the Results tab to view results from the

latest HOT-SMAC analysis. The first time that this tab is shown, there are no results
selected for display. First select a quantity to display. Highlight “Temperature” in the
list box (A) labeled “Plot the following”. Next highlight “Time Step 1” in the
“Fringe/Contour Plots” listbox (B) to display contours of temperature at the first load
increment. Click on other quantities in listbox A to view stress results on the model.

Setup T Geometny T baterials T Thermal B.C. T Mechanical B.C. T Analysis Optiong T Results
Tirme Dependent Plats Temperature
2401.401
2364.913
2328.426
Colurnn (Constant<3) Plots
22091.938
2255.45
2218.963
Row (Constant =2) Plats 2182.475
Inc=1; Row=6; Top 2145.988
Inc=1; Row=8; Top
2109.5
2073.013
Fringe/Contour Flots
2036.525
L ———
! 2000.038
L
1963.55
fomp L ]
Plot the following 1027.063
(Hald <Ctrl> for multiple selections) —
1880.575
I
Sigmal 1854.088
L |
Sigrma? w2 1817.6
Sigmad =l
1
Import Results | Export Plot | Wiew Model to
=3 Scale El

22.

Next, plot stresses along the substrate-bondcoat interface. Highlight the item,
“Inc=1, Row=6, Top” in the “Row (Constant X2) Plots” listbox (A). When this is
highlighted, whatever quantity is highlighted at B is plotted in an X-Y graph as a

Setup T Geormetry T Materials T Thermal B.C. T kechanical B.C T Analysis Options T Results
Time Dependent Plots Sigma3l
J i Sigma3 (Inc=1; Row=¢; Top)

12130,
Column {Constant x3) Flots

7110,

2090,

0

Fringe/Contour Plots
Time Step 1

-2930. !
Plotthe following:
(Hold «Ctrl» for multiple selections) :
Temperature 7950, '

-12970 - -
Import Results Export Plot 0.1000 0.2000 0.3000 0.4000 0.5000
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function of X3. You can also plot multiple quantities in the X-Y plot. To plot
multiple quantities, hold the <Ctrl> key and select quantities in the bottom listbox ()
or just click an hold the mouse button on any quantity and “swipe” multiple
quantities.
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Section 3: HOT-SMAC Verification Example

Thermo-Elastic Analysis of an Internally Cooled
Structures
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Analysis Results

Analysis results are presented here for the NASA/TM example problem that was used as
an example tutorial in the last section. Comparisons to the NASA/TM results are
presented as appropriate. The solution is first presented on the 8x22 mesh from the
previous section. Next, the analysis is presented on a mesh with 26 cells in the X2
direction and 74 cells in the X3 direction.

8X24 Coarse Grid

e Material Layout
Materials

TopCoat

BondCoat

Substrate

e Thermal Boundary Conditions

Emmzorzormy—u— .

LS

il
I
I

e

FV—V V-
®
S e lole

———0d——0—a80 00 00— oe o0

e Mechanical Boundary Conditions
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e Temperature Contours

e Contours of 611

NASA/CR—2001-211294
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c11 in substrate along substrate-bondcoat interface (Present)

15000

10000

5000

cll
o

—e— Sig1

-5000

-10000

-15000

e o1l in substrate along substrate-bondcoat interface from Ref. [1]
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622 Contours
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e 522 in substrate along substrate-bondcoat interface (Present)
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26X74 Medium Grid

Temperature
e Temperature Contours 2602.601
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c11 along substrate-bondcoat interface
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Discussion

The results presented here are not so much to validate the physics of the HOT-SMAC
method as to validate the process of building HOT-SMAC grids and analyzing the results
using the new HOT-SMAC GUI against a body of established HOT-SMAC results.

In general, the results predicted by the current version of HOT-SMAC compare well to
the results presented in Reference [1]. The first thing to notice is that in the temperature
profile plots, the current version of the software appears to generate a very similar answer
to the finer mesh solutions of the software used in [1].

The s11 and s22 stress result trends seem to be the same, however, the magnitudes seem
to be off slightly for a given mesh density. For example, in the s11 plots at the interface
between the substrate and the bondcoat, the lower bound on the stress is approximately —
10000 psi, where in [1], the lower bound appears to be closer to —8000 psi. Three
possible causes for this discrepancy are: 1) The meshes are not identically the same; 2) it
appears that the elastic material properties (E, v, K) are temperature dependent in the
work of Ref. [1], where in the current software, only the thermal expansion coefficient is
temperature dependent, 3) an averaging of field quantities within each subcell is used in
the current software package; whereas in Ref. [1] actual point wise results where shown.
It appears after further investigation that the bulk of the discrepancy is due to this
averaging process; consequently the use of this averaging procedure will now become an
option rather than mandatory.
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Section 4: HOT-SMAC - HyperSizer Integration
Research
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HOT-SMAC - HyperSizer integration research

HyperSizer passes panel level solutions to HOT-SMAC to obtain local analyses of
particular design features. The HyperSizer solution obtains accurate thermoelastic
internal loads and resulting stress and strain fields for all of the panel span segments
based upon a consistent state of Free Body Diagram load balance and strain
compatibility. However, HyperSizer formulations are based on classical lamination
theory and Kirchoff’s plane sections remain plane deformation theory and as such do not
consider Z axis (axis in the HOT-SMAC 2 direction) effects.

In this example, the HOT-SMAC software is used to supplement HyperSizer’s solutions
by providing computation of shear stress (1,3) and normal peel stress (c,) for bond
regions and areas of free edges. The problem is a hat-shaped, metallic stiffened panel
with a machined/extruded built-up plate region to represent the facesheet to flange design
feature.

Shown in the figure is the panel cross section to relative scale. The orange circle
represents the area of analysis refinement.

The actual design dimensions and material follow.

T e

Unit Weight 2.91

a7
L \oJ /] 00936

Top Face - thickness

Core Web - thickness f&“‘@ 0.029
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Bottom Face - thickness &7}1@7/" 0

| e,
Panel - height L gf‘“\g/’ 1.713

< __/

Corrugation - spacing «Z \/ / 59
Bottom Crown - width gf‘\@/l 1.328
Core Web - angle @Kw 72.91
Top Flange - width (hat only) @A@W 2

Top Clear Span - free width m@y’ 1.594

0.029

0.029

Variable Design Materials

e | ] s

Top Face - 1 - Titanium "Ex3002-Ti-6Al-4v, commonly used aerospace
thickness Titanium (UNS R56400)"
Core Web - 1 - Titanium "Ex3002-Ti-6Al-4v, commonly used acrospace
thickness Titanium (UNS R56400)"
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For this specific panel design, the HyperSizer user is able to enter the applied edge
loading and edge boundary conditions. In this example a compressive load of 2000
(Ib/in) 1s applied with constraints against rotation and translation of the other remaining
edges. To enforce zero curvature and strain in the panel in these directions will cause
virtual loads to be developed. In this case the virtual loads of Ny =-516.655, Mx = -
370.93, and My = -3.01015 are developed. Note that in the direction of the applied
membrane load, a strain of —8.990739E-04 is developed.

[ Graphics [ Failure | Design-toLoads | Computed Properties | Buckling i FEM Loads
‘fariables I Caoncepts )l FBD Object Loads I Optians Motes
rInput (Per Load Case)
I"‘*LIMIT—MECHAI\JICAL>'<>k Load Case #1 "one" (Mechanical Set #101, Thermal Set #201) _ﬂ
& Mecharica Load Set #101 "Load Set 101" RefTemp [ | Temp [ ]
¢ Thermal Load St #201 "Load Set 201" Presswe [ | Tresd [
 FEA Loads - Projects Only [NER= R T3 ey [ Il ey IV oy (874 QY
& User Loads Applied Unit Value  |Load ~ ||Constrained ¥ || Constrained _'J Constrained j Constrained :J Constrained _VJ Load j Load _'_I
For Strength Analysis  |-2000
For Bucking Analysis  |-2000
rSuperimpose Pressure rPoint Free Body Diagram (Constant Forces)
Local Level O Fanel Level

h hil e Qe Moy
Ny R
N My
O Zero Qut FEA Computed Moments IFIXED Boundary Condition ﬂ xw o LT _ 1
ik I X
Midspan [0 0 - 5 - 0 - i % a (X length)
EdgeCentern 0 ) ) . My b Iengm)
rFree Body Diagram Cutput (Controlling Factored Loadcase)
Controling Analysis Load: STRENGTH  Nx,ex Py 2y Ty ey Tt Pl ey Iy roxy [0)'3 oy
Virtual Loads 0 516,655 0 -370.93 -3.01015 0 0 0
Design-to Loads -2000 -516.655 0 -370.93 -3.01015 0 0 1]
Desigr-to Deformation  |-5,930739E-04(0 0 0 0 ] 0 0

These resolved internal panel loads are then further refined to each of the defined
analysis_objects that build up the panel. For this example we are interested in
analysis_objects Clear Span [1] and Bonded Combo Top [7]. Their loads are shown in
the figure below and their location on the panel is indicated by graphic in the failure tab.

Load Results

Object | Nx Ny Nxy Mx My Mxy Temperatu... | TTG
Clear Span [1] -1508.22 -516.655 0 o] 0 4] 72 0
Closed Span [2] -1508.22 -516.655 0 0 0 0 72 0
Bonded Combo Top [7] -1975.52 -516.655 0 -29.0754 -8.87994 0 72 0
Web [10] -422,385 0 0 0 0 0 72 0
Crown Bottom [12] -422.385 0 0 o] o] 0 72 4]
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The failure tab shows margins-of-safety for the various failure modes that may occur for
the stiffened panel. These failure analyses include metallic yield and laminated
composite material strengths for the in-plane normal and shear directions. However, for
regions such as the analysis_object Bonded Combo Top [7], they do not include
interlaminar stresses nor peel stresses (Z axis effects). For this type of analysis the
HyperSizer resulting state of stress and strain is passed to HOT-SMAC for more detailed

analysis.
f Wariables T Concepts T FBD T Object Loads T Options T MNotes
Graphics T Failure I Design-to Loads T Computed Propertiss T Buckling T FEM Loads
—Family Concept Figure —&wailable Failure Analyses
Bonded, Hat Stiffened Limit M5 Uit M5 Location - Analysis Description
& 0.2302 Web [10] Local Buckling, Longitidinal Direction =S
Clear Spanf1] 0.2302 Web [10] Local Buckling, Interaction
Bonded Combo Top [7] 0.9329 Crown Bottom [12] Local Buckling, Longtiding Cirection
1.105 $pacing Span [20] Local Buckling, Longitidinal Cirection
Closed Span [2] 1.105 $pacing Span [20] Local Buckling, Interaction
m\l L = 1.866 Hat Crippling - Buckling interaction, Johnson-Euler
o \\_‘S—“ 1.868 Hat Fanel Buckling, Unsymm Biaxial w/ TSF o
eb[ T@_é\ 1.863 Hat Parel Buckling, Unsymm Biaxial wy TSFEShear Interaction
\\é_\f_% rownBottom [12] 1.952 Hat Panel Buckl@ng, Unsymmetric Biaxial
Spacing Span [20 \%b 1.952 Hat Panel Buckling, Unsymm Biaxial wy Shear Interaction
2.966 Closed Span [2] Local Buckling, Interaction
2.966 Closed Span [2] Local Buckling, Longitidinal Cirection
Interaction Face [21] Interaction All [22] 4.591 Hat Crippling, Isotropic, method Miu, formed and extruded sect
e 4.919 Hat Crippling, Isotropic, method LTV, formed and extruded sec
6,737 6,737 Bonded Combo Top [7] Isofropic Strength, Longitudingl Cire
6.82 6.82 Clear Span [1] Isofropic Stength, Longitudinal Cirection
6.82 6.82 Closed Span [2] Isofropic Strength, Longitudinal Direction
Panel C'oncep fs 7.308 Clear Span [1] Local Buckling, Longiticinal Cirection
7.308 Clear Span [1] Local Buckling, Interaction
FE:?::: d $:::::: ﬁgf $:::::::: 7.651 7.651 | Crown Bottom [12] Isotropic Strength, Longitudinal Directior
7651 7651 Crown Bottom [12] Isotropic Strength, Yon Mises Interaction
7651 7651 Web [10] Isolropic Strength, Yon Mises Interaction Yield Criterh
—Fallure Analysis Categories 7651 7651 Web [10] Isctropic Strength, Longitudinal Direction
it 7682 7689 Bonded Combo Top [7] Isofropic Strength, Yon Mises Interac
7.884 7.684 Closed Span [2] [sofropic Strength, Yon Mises Interaction Yiel
7.684 7.684 Clear Span [1] Isotropic Strength, Yon Mises Interacton Yield ¢ »
4 | »
Togdle | Toggle | Reset to Default Analyses | Set as Default Analyses |

A HOT-SMAC model of cells was generated using the GUI developed under this CTO
contract. The model is depicted below in relative scale proportion.

As can be seen in this image, the model is refined in the stressed areas of interest.
Because of the difficulty in seeing the mesh refinement, the HOT-SMAC interface allows
the user to exaggerate the model scale. This GUI feature is used in the remaining images

of the HOT-SMAC model results.
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The model has 20 cells in the vertical (X2) direction and 40 cells in the horizontal (X3)
direction. A window was placed in the bottom left quadrant to represent the free edge
feature of the flange line. The interface’s feature of being able to automatically grade the
mesh refinement was used to generate more cells in the region of the corner.

. HOT-SMAC

Fle Options  Help

i [=1
Froblem Title [Sample Problem Title Analyze |

Setup | Geometry T Materials T Thermal B.C. T hechanical B.C. T Analysis Options T Results

= LEy/Ers
Tatal Depth (1) 1

Subcells in 1 direction |2 i’

(ewven integer)

Linear Grade in ] directian il

—Ruowrs

Total Height (<2) 0.1226
Subcells in 2 direction  [2q ﬂ

(even integer)

Linear Grade in X2 direction I3
Grading Factar 7
—Columns

Total Length (3) 0.758
Subcells in 3 direction [4p ﬂ

(even integer)

Linear Grade in %3 direction i3

Grading Factar 7 a Selected Row(s)
o Iﬁ Enter Fow Heights | Enter Layer Depths

Update | Ise'emed C°'TI”(S) ViswModelto -
-

w3 Enter Column Lengths Scale
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A symmetry boundary condition was idealized by using the roller boundary type on the
centerline of the bond region, represented with the circles on the right hand side. The red
triangle is a pinned b.c. and is added to prevent solution rigid body motion.

The HyperSizer computed stress was applied uniformly to the left hand side of the model
as represented with the black triangles (custom boundary condition). The HOT-SMAC
terminology for this applied loading is traction for stress and amplitude for magnitude.

This traction load is calculated by (Ny/skin thickness) = 516.655 / 0.0936 = 5519.8 psi.

The cross sectional face (1 direction) is loaded in uniform strain with a magnitude of
8.990739E-04 that was computed by HyperSizer. Note that the HyperSizer solution was
for a compressive load, but the computed results from HyperSizer were reversed when
entered into HOT-SMAC so that tensile peel stress would develop.

s HOT-SMAC = : — o]

Fle  Optons '_Help

Froblem Title [Sample Prablem Tile Analyze |

Setup T Geometry T Materials T Thermal B.C. T MEchanicaIB,C,T Analysis Options T Fesults

Apply Boundary Conditions to:
Entire Grid =]

Boundary Type

— Boundary Condition in 2 Direction —

Type

ITradiDn LI

Arnplitude
o

B D NS -

— Boundary Condition in 3 Direction —

Type

ITradiDn LI

Arnplitude
|s5198

wo Uniform Stress or Strain in 1 Direction — ™ %3 Generalized Plane Strain Letyer#

- & 211 walue Spacifying Genaralized Flane Strain || 'l
li_ inthe 3 direction will nullity specified
Cooll kel boundary conditions in the 3 direction

Apply Boundary Condition

®3
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For this loading and boundary conditions the following values of the stresses are

computed with HOT-SMAC.

bt

Wiew Model to
Scale

bt
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Yiew Model to
Scale

Sigma23
346.8808
207.4029
67.91602
-71.57086
-211.0577
-350. 5446
-400,0315

-629.5184

-769.0052
-008.4921

-1047.979

-1187.466

-1326.953

-1466.439

-1605.926
-1745.413

-1884.9

-

Sigma2
2050
1901.744
1753.489
1605.233
1456.978
1308.722
1160. 466
101z2.211
863,955
715.6994
S67.4438
419.1882
270.9325
122.6769
-25.57874
-173.8344

-322.09

-



As a check, the resulting value of stress computed by HOT-SMAC (in the 1 direction) is
verified with the stress computed by HyperSizer (in the panel X direction).

The left side of the model shows a nearly uniform stress of 16,115psi, as noted in green.
The right hand side of this model shows a stress gradient ranging from about 16,700 psi
to 15,000 psi with the integrated average that appears to be close to about 16,115psi.
This compares well to HyperSizer’s calculation of stress.

The left side has a thickness of 0.0936 and the thicker part a thickness of 0.1226”. As
can be seen from the image of the HyperSizer Objects Load tab, the Nx value for the thin
region is 1508.72 (Ib/in) and Nx for the thick region is 1975.52 (Ib/in).

1508.72/0.0936 = 16,119 psi and 1975.52/0.1226 = 16,114 psi.

L HOT-SMAC = s EIETES
File Cptons Help
Prablem Title |Sﬁmp|e Froblem Title Anahyze |
Setup T Geometry T Materials T Thermal B.C. T Mechanical B.C. T Analysis Options T Results
Time Dependent Plots Sigmal
17512
17325.38
17138.75
Column {Constant X3) Plots
16952.13
16765.5
16578.848
Fiow (Constant x2) Plots 16302.25
I
Inc=1; Row=8; Top 16205. 63
Inc=1: Row=4; Bottomn |
16018
. 15832.338
Fringe{Contour Plats ]
15645.75
I
154558.13
I
15272.5
. I
Flot the following: 15085.89
(Haold <Ctrl> for multiple selections) —
14899.25
- I
Sigma? = 14712.63
. I
Sigmal %o 14528
Sigma23 LI
u
Irpart Fesults Expart Plat | Wiew hocel 1o
=3 Scale u
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